The chemical composition of a sample of Jasminum grandiflorum L. absolute from India was analyzed by GC and GC/MS. The major compounds identified were benzyl acetate (23.7%), benzyl benzoate (20.7%), phytol (10.9%), linalool (8.2%), isophytol (5.5%), geranyl linalool (3.0%), methyl linoleate (2.8%) and eugenol (2.5%). The odor of this absolute sample was olfactorically evaluated as intense and heavy floral-flowery, with penetrant-animalic and fruity side-notes. Some main and minor compounds were found to be responsible for the aroma impression of this sample.
and China. The major suppliers of aromatic products obtained from jasmine are Egypt, Morocco, Algeria, Italy and France [1] .
More than 100 constituents have been found in various jasmine samples (especially concretes, absolutes and other extracts), with the main chemical components being benzyl acetate, linalool, benzyl alcohol, indole, benzyl benzoate, cis-jasmone, geraniol, methyl anthranilate, α-terpineol, cis-3hexenyl benzoate, eugenol, nerol, farnesol, p-cresol, benzoic acid, benzaldehyde, nerolidol, isophytol, phytol and phytyl acetate [2] [3] [4] [5] [6] [7] . Some volatile N-heterocycles and fatty acid esters have also been found either in low concentrations or as trace components [8] .
Jasmine samples are non-toxic and non-irritant, but sensitizing, therefore some people do have an allergic reaction to the oil [9] . Due to its emmenagogue properties it should not be used in pregnancy. Using too much jasmine could impede concentration, as the oil is said to be a relaxant, but surprisingly also stimulating effects were found.The therapeutic properties of Jasminum samples are antidepressant, antiseptic, aphrodisiac, antispasmodic, cicatrisant, expectorant, galactagogue, parturient, sedative and uterine [4] .
The aim of this work was to analyze the chemical composition, to evaluate the olfactory properties, and to test the antimicrobial effects of the sample of J. grandiflorum absolute, as well as of those of some of its main and minor compounds, such as benzyl alcohol, benzyl acetate, benzyl benzoate, benzyl salicylate, geranyl linalool, isophytol, linalool and phytol. The antimicrobial results were compared with those obtained for eugenol and three synthetic, commercially available antibiotics. Faint-floral-balsamic # in order of their retention-times. + relative %-peak area of GC-FID analyses using an apolar column.
The obtained biological results were added to our databank, developed from previous investigations on various aroma samples, and which have been published elsewhere [10] [11] [12] [13] [14] [15] [16] .
Upon analysis of the chemical composition of the J. grandiflorum absolute using GC and GC-MS, the following main compounds (with concentrations higher than 3.0%, calculated as relative %-peak area of GC-FID with an apolar column, mean value of 3 measurements) were found (Table 1) : benzyl acetate (23.7%), benzyl benzoate (20.7%), phytol (10.9%), linalool (8.2%), isophytol (5.5%) and phytyl acetate (5.3%). Further volatiles of the jasmine absolute, in medium concentrations (1.0% -3.0%), were geranyl linalool (3.0%), methyl linoleate (2.8%), eugenol (2.5%), cis-jasmone (1.9%), indole (1.8%), methyl palmitate (1.4%), benzyl alcohol (1.3%), α-farnesene (1.1%) and jasmine lactone (1.1%). These results are in accordance with the composition of J. grandiflorum absolute samples published elsewhere [2] [3] [4] [5] [6] [7] .
The odor of the jasmine absolute was olfactorically described as intense and heavy floral-flowery, with penetrant-animalic and fruity side-notes. Using correlations of data from olfactoric tests of some pure reference compounds, which were found as main and minor constituents of this J. grandiflorum absolute, as well as with odor descriptions of aroma chemicals published elsewhere [2, [22] [23] [24] [25] , the following results can be given (see Table 1 ): benzyl alcohol and its derivatives, linalool and its derivative, jasmine, δ-jasmine lactone and cis-methyl jasmonate are mainly responsible for the floral-flowery, as well as the fruity odor. The penetrant-animalic side-note can be correlated only to indole.
Antimicrobial tests were carried out using the standard agar diffusion procedure, as well as the agar dilution method [10] [11] [12] [13] [14] [15] [16] . The microorganisms used were strains of the Gram-positive bacteria Staphylococcus aureus and Enterococcus faecalis, of the Gram-negative bacteria Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, Klebsiella pneumoniae and Salmonella sp., and the yeast Candida albicans. The jasmine absolute, as well as the pure aroma chemicals benzyl alcohol, benzyl acetate, benzyl benzoate, benzyl salicylate, geranyl linalool, isophytol, linalool and phytol (partly found as main and minor constituents of the sample) were tested. Eugenol (also a constituent of the jasmine absolute), in a medium concentration of 2.52%, and three synthetic antibiotics [Ciproxin R (ciprofloxacin hydrochloride), Lidaprim R (sulfametrole + trimethoprim) and a tetracycline hydrochloride (achromycine hydrochloride)] were used as reference compounds.
The jasmine absolute showed medium to high activity against the Gram-positive bacterium Enterococcus faecalis, against the Gram-negative bacteria Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae and Salmonella sp., as well as against the yeast Candida albicans, while benzyl alcohol, benzyl acetate, geranyl linalool, linalool and eugenol (a phenolic aroma component with wellknown antimicrobial effects against many microorganisms) are effective against all strains of microorganisms (see Table 2 ). The other tested compounds, namely isophytol, phytol, benzyl benzoate and benzyl salicylate, showed no antimicrobial activity against C. albicans and only partial activity against Gram-positive and Gramnegative bacteria (see Table 2 ).
The results obtained from testing the synthetic antibiotics against Gram-positive bacteria were as expected, while Lidaprim R showed no activity against the Gram-negative bacteria P. aeruginosa and K. pneumoniae, as we reported previously [15, 16] (see Table 2 ).
In comparison with the antimicrobial-activity data of the reference compounds (some main and minor constituents of the jasmine absolute), we found that no single component or group was responsible for the antimicrobial activity of this jasmine absolute sample, but the activity was dependant on the synergistic and partly antagonistic effects of all oilconstituents. This result is in agreement with experiences of our previous studies [10] [11] [12] [13] [14] [15] [16] .
Experimental

Samples:
The used sample of Jasminum grandiflorum absolute from India is a product (no. 800452) of Kurt Kitzing Co., Wallerstein (Germany 
Gas chromatography (GC) analysis: GC/FID
analyses were carried out using a GC-14A instrument with FID and C-R6A-Chromatopac integrator (Shimadzu, Japan), and a GC-3700 with FID (Varian, Germany) and C-R1B-Chromatopac integrator (Shimadzu). The carrier gas was hydrogen; injector temperature, 250°C; detector temperature, 320°C. The temperature program was: 40°C/5 min to 280°C/5 min, with a heating rate of 6°C/min. The columns were 30 m x 0.32 mm bonded FSOT-RSL-200 fused silica, with a film thickness of 0.25 μm (Biorad, Germany) and 30 m x 0.32 mm bonded Stabilwax, with a film thickness of 0.50 μm (Restek, USA). Quantification was achieved using peak area calculations, and compound identification was carried out using correlations between retention times [17] [18] [19] [20] [21] .
Gas chromatography-mass spectrometry (GC-MS) analysis:
For GC/MS measurements a GC-17A machine with QP5000 (Shimadzu) and HP-Compaq data system (class5k-software), a GC-HP5890 with HP5970-MSD (Hewlett-Packard, USA) and ChemStation software on a Pentium PC (Böhm, Austria), a GCQ (Finnigan-Spectronex, Germany-USA) and Gateway-2000-PS75 data system (Siemens-Nixdorf, Germany, GCQ-software) were used. The carrier gas was helium; injector temperature, 250°C; interface heating at 300°C, ionsource-heating at 200°C, EI-mode was 70 eV, and the scan-range was 41-450 amu. For other parameters, see description of GC/FID, above. Mass spectral correlations were made using Wiley, NBS, NIST and our own library, as well as published data [17, 19, 20] .
Olfactory evaluations:
One drop of the J. grandiflorum absolute and some of its main and minor constituents, as pure reference compounds (see Table 1 ), were placed on a commercial odor-strip and olfactorically evaluated by three perfumers and two odor-trained chemists.
Antimicrobial tests:
As test microorganisms, the Gram-positive bacteria Staphylococcus aureus ATCC 6538P and Enterococcus faecalis (clinically isolated), the Gram-negative bacteria Escherichia coli ATCC 8739, Pseudomonas aeruginosa G 28, Klebsiella pneumoniae, Proteus vulgaris and Salmonella sp. (clinically isolated), as well as the yeast Candida albicans ATCC 10231, all products from the National Bank of Industrial Microorganisms and Cell Cultures, Sofia, Bulgaria, were used. The antimicrobial activity was studied by use of the agar diffusion disc and the agar serial tube dilution methods. For the agar diffusion method, 6 mm paper discs were used and 6 μL of sample. After cultivation of the bacteria and the yeast at 37°C for 24 h, the diameter of the inhibition zone (IZ) was measured. For the agar serial tube dilution method, the jasmine absolute, pure and reference compounds, were added to brine, containing 1.0% (v/v) Tween 80 at the appropriate volumes to produce final concentrations of the samples in the range of 1-1000 ppm. The Petri dishes were inoculated by pipetting 0.1 cm 3 of the desired culture and 6 μL of the samples, as well as the reference compounds (the tablettes of Ciproxin R were added as solutions in saline at quantities of 300 μg and 30 μg) onto paper discs (6 mm) and then incubated at 37°C for 24 h. The results were measured as the minimum inhibitory concentration (MIC).
